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DESCRIPTION 



JIG FOR CALCINING ELECTRONIC COMPONENT 



Technical Field 

The present invention relates to a jig for calcining an 
electronic component such as a setter, a shelf board and a saggar 
for calcining the electronic component such as a dielectric, a 
mxilti-layered capacitori a ceramic capacitor, a piezoelectric 
element and a thermistor. 

Background Art 

A jig for calcining an electronic component is required to be 
non-reactive with ceramic electronic components to be calcined in 
addition to having heat resistance and mechanical strength. 
When an electronic component work such as a dielectric is 
contacted and reacted with the calcination jig, a problem arises 
that the characteristics may be deteriorated due to the fusion or 
the composition fluctuation of the work. In order to solve these 
problems, such solutions have been proposed that zirconia is 
coated on the surface of a substrate for preventing the reaction 
[JP-A-4(1992)-224172] and a surface layer is made of coarse 
zirconia and fine zirconia [for example, JP-A-8(1996)''13710L 
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Further, a method of specifying the arithmetic average roughness 
of a coated surface layer is proposed (refer to, for example, 
JP-A-2002-60277). 

The substrate for the jig for calcining the electronic 
5 component generally includes an alumina -based material, an 
alumina-muUite -based material, an alumina-zirconia-based 
material, an alumina-magnesia-based spinel material, an 
alumina-muUite-cordierite-based material or a combination 
thereof. 

10 For example, the alumina-muUite -based material has the 

higher hot strength and the excellent hot spalling property but is 
hable to react with an electronic component work. In order to 
prevent t£e reaction, zirconia (zirconium oxide) is coated on the 
surface layer of the substrate. Further, in the zirconia-coated 

16 layer, a structtire containing many bubbles is used for efficiently 
removing a binder component contained in the electronic 
component during calcination and for increasing the hot spalling 
property of the coated layer itself. In order to form the many 
bubbles, the use of coarse zirconia and fine zirconia is proposed 

20 [JP-A-3(1991)177383]. 

Although the reactivity of the zirconia with the substrate is 
low, the coating of the jig may be cleaved or peeled off under an 
environment in which the repeated heat cycles take place due to 
the larger difference between thermal expansion coefficients of 

25 the substrate and the zirconia. When the jig is repeatedly \ised 
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and the particles contained in the surface zirconia layer has a 
lower particle removal resistance or a lower abrasion resistance^ 
the fine particles are mixed into electronic components to cause a 
severe problem. 

5 The phase change from a monoclinic system to a tetragonal 

system takea place in the zirconia at aroxmd llOO't^. As a result^ 
a problem arises that the change of the thermal expansion 
coefficient accompanied with the phase transformation due to the 
repeated heat cycles eliminates the coated layer of the zirconia to 

10 generate cracks so that electronic components to be calcined are 
likely to be influenced by the substrate. 

A two-layered coating prepared by positioning an 
intermediate layer made of such as alumina between the 
substrate and the surface layer is proposed for increasing the 

15 interlayer bonding strength and for relaxing thermal stress 
(JP-A-2001-213666 and JP-A-2001-32285). However, even in 
these two-layered coating structiires, the thermal shock 
resistance is insufficient. 

In order to solve the problem in connection with the 

20 conventional zirconia surface layer, a method of forming a sxirface 
layer consisting of coarse zirconia and £lne zirconia is proposed 
(refer to, for example, JP-B-8(1996)- 13710). In this method, the 
use of the coarse zirconia makes many bubbles to alleviate or 
absorb the difference between the thermal expansion coefficients 

25 of the substrate or the intermediate layer and the sxirface layer. 



thereby preventing occurrence of cracks and peel-off of the 
2drcoma s\irface layer. The use of the fine zirconia increases the 
sintered abihiy of the zirconia surface layer to make its 
mechanical strength excellent. While the method of forming the 
surface layer with the coarse zdrconia and fine zirconia is 
excellent for fabricating the jig for calcining the electronic 
component having the higher perfomaiance, the protection of the 
electronic component to be calcined and the efficiency of the 
calcination are not necessarily satisfactory. 

The method of specifying the arithmetic average roughness 
"Ra" of the coated surface layer (refer to, for example, 
JP-A-2002-60277) solves a problem effusion caused by a reaction 
when an electronic component work made of a dielectric is in 
contact with the calcination jig. However, in this method, the 
arithmetic average roughness "Ra" specifies only the degree of 
concavity and convexity so that the specification of only the 
arithmetic average roughness "Ra" cannot provide the jig for 
calcining the electronic component having the excellent 
performances. 

A problem arises in the zirconia-coated substrate that the 
cracks may be generated in the coating and the coating inay be 
peeled off after repeated heat cycles because of the large 
difference of the thermal expansion coefficients between the 
zirconia and the substrate. A considerable problem is caused that 
particles in the zirconia layer are dropped off to be mixed into the 



electronic component when the wear resistance of the surEace 
zirconia layer is lower because the jig is repeatedly used* 

The phase change from the monoclinic system to the 
tetragonal system takes place in the zirconia at around llOO^C. 

5 As a result, a problem arises that the volume change 
accompanied with the phase transformation due to the repeated 
heat cycles generates fine cracks so that the zirconia particles are 
easily dropped off to reduce the wear resistance. 

An application method, a dip-coating method and a 

10 spraycoating method are used for forming the zirconia layer on 
the substrate surface of the jig for calcining the electronic 
component. In these methods relatively inexpensive and suitable 
for industrial production, the anti-grain detaching property and 
the wear resistance of the formed zirconia layer may be 

15 insufficient. 

As described above, in the jig for calcining the electronic 
component including the substrate and the zirconia surface layer 
formed on the substrate, or the jig for calcining the electronic 
component including the intermediate layer between the 

20 substrate and the zirconia surface layer, the various problems 
arise, especially, based on the properties of the zirconia which 
have been reasons for preventing the practical use of the jig for 
calcining the electronic component. 



Disclosure of Invention 

An object of the present invention is to improve the various 
characteristics of the jig for calcining the electronic component by 
investigating the various characteristics of the conventional jig 
5 having the above problems. 

A first issue of the present invention is to provide a jig for 
calcining an electronic component with which calcination can be 
conducted with a higher efficiency without deteriorating the 
performance of the electronic component to be calcined. 

10 The present invention firstly is a jig for cadcining an 

electronic component including a substrate and a zirconia surface 
layer formed on the substrate and having an arithmetic average 
roughness ^TR-a'' from 5 to 40 /x m, or a ten-point average 
roughness "Rz" from 30 to 130 /xm, or a maximum height "Ry"' 

15 from 40 to 200 M m, or a similar jig further including an 
intermediate layer between the substrate and the zirconia 
surface layer, characterized in that a skewness (deflection) 'Hsk" 
of the zirconia surface layer is from —0.5 to 0.5 (hereinafter also 
referred to as first invention)- 

20 The present invention is secondly a jig for calcining an 

electronic component including a substrate and a zirconia surface 
layer formed on the substrate and having an arithmetic average 
roughness 'Ha" from 5 to 40 m m, or a ten-point average 
roughness "Rz" from 30 to 130 A6m, or a maximum height "Ry" 

25 from 40 to 200 m m, or a similar jig further including an 
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intermediate layer between the substrate and the zirconia 
surface layer, characterized in that an acutance (kurtosis) ''Eku'' 
of the zirconia surface layer is from 2 to 3 (hereinafter also 
referred to as second invention). 

5 The present invention is thirdly a jig for calcining an 

electronic component including a substrate and a zirconia surface 
layer formed on the substrate or a similar jig further including 
an intermediate layer between the substrate and the zirconia 
surface layer, characterized in that a central surface average 

10 roughness "Sa" of the zirconia surface layer is from 10 to 40il6m 
(hereinafter also referred to as third invention). 

In the first to third inventions, the zirconia surface layer 
may include from 50 to 75 % in weight of the coarse particle 
aggregate having from 80 to 300 mesh and 50 to 25 % in weight 

15 of the fine particle bond phase having an average particle size 
from 0.1 to 10 Mm. 

In the jigs for calcining the electronic component of the first 
to third inventions, the surface roughness of the zirconia surface 
layer is maintained at a proper level so that the removal of the 

20 gas generated from the binder during the calcination of the 
electronic component is excellent and the reaction between the 
zirconia surface layer and the electronic component is suppressed 
to efficiently calcine the electronic component regardless of the 
existence of the intermediate layer. 

26 The present invention is fourthly a jig for calcining an 



electronic component including a substrate and a zirconia surface 
layer formed on the substrate or a similar jig further including 
an intermediate layer between the substrate and the zirconia 
surface layer^ characterized in that a wear resistance in a 

5 reciprocating wear test conducted in accordance with JIS-H8503 
is firom 10 to 200 (DS/mg) (hereinafter also referred to as fourth 
invention). In the fourth invention, the zirconia surface layer 
may include from 50 to 75 % in weight of coarse particle having 
from 80 to 300 mesh and 50 to 25 % in weight of fine particle 

10 having an average particle size from 0.1 to 10 /zm bonded with 
each other by a sintering aid made of two or more metal oxides 
for increasing the wear resistance. 

Since the wear resistance of the zirconia surface layer is 
increased while many bubbles are contained therein in the jig for 

15 calcining the electronic component of the fourth invention, the 
calcination can be performed while the removal of the binder 
during the calcination of the electronic component is excellent 
and no drop-off of the zirconia particles takes place to be mixed 
into the electronic component x^gardless of the existence of the 

20 intermediate layer. 

The present invention is fifthly a jig for calcining an 
electronic component including a substrate and a zirconia surface 
layer formed on the substrate, or a similar jig further including 
an intermediate layer between the substrate and the zirconia 

25 surface layer, characterized in that a thermal shock resistance A 



T (=T1-T2) is 400*0 or more expressed as a temperatixre 
difference of rapid cooling which generates strength reduction in 
a rapid cooling bending test where the jig for calcining the 
electronic component is rapidly cooled from specified temperature 
5 Tl to T2 (hereinafter also referred to as fifth invention). In the 
fifth invention, the thickness of the zirconia layer formed on the 
substrate is desirably 500 M m or less, and the relative density of 
the zirconia surface layer is desirably between 40 % and 80% 
both inclusive, further the total thickness of the zirconia layer 

10 formed on the alumina intermediate layer (alumina intermediate 
layer + zirconia layer) is desirably 500 Mm or less; the relative 
density of the zirconia layer is desirably between 40 % and 80% 
both inclusive; and the relative density of the alumina 
intermediate layer is desirably between 60 % and 90% both 

15 inclusive; and further, the metal oxides are desirably used as the 
sintering aid for calcining the zirconia layer coated on the 
substrate surface, the alumina intermediate layer coated on the 
substrate surface, and the zirconia layer coated on the alumina 
intermediate layer 

20 The fifth invention can provide the jig for calcinig the 

electronic component having the zirconia layer with the excellent 
thermal shock resistance even if the zircoxxia layer is prepared by 
using an inexpensive film forming method such as an application 
method, a dip coat method and a spray coat method. 

25 
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Brief Description of Drawings 

Fig.l is a graph showing an example of evaluation of 
thermal shock resistance in Example 17. 

5 Best Mode for Implementing Invention 

The details of the first to fifth inventions will be described. 
The surface configurations of the zirconia surface layers of 
the present invention can be speci&ed such that the skewness 
(deflection) of the zirconia surface layer is specified in the first 

10 invention, the acutance (kurtosis) of the zirconia surface layer is 
specified in the second invention, the central surface average 
roughness "Sa** of the zirconia surface layer is specified in the 
third invention, the wear resistance is specified in the fourth 
invention, and finally the thermal shock resistance is specified in 

15 the fifth invention- The zirconia surface layers of the first to fifth 
inventions desirably include from 50 to 75%in weight of coarse 
particle aggregate having from 80 to 300 mesh and 50 to 25% in 
weight of fine particle bond phase. The intermediate layer may 
be formed in the respective inventions, or the zirconia surface 

20 layer may be formed directly on the substrate without forming 
the intermediate layer. 

Conventionally, in the calcination of an electronic 
component such as a multiplayer chip capacitor, removal of a 
binder is required by decomposing the added binder under 

25 heating at several hundred degrees centigrade. The present 
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inventors have foxind after investigations that the conditions of 
the surface layer of the jig for calcining the electronic component 
largely contributes to the removal of the gas generated due to the 
decomposition of the binder from the surface layer diuring the 

5 binder removal. That is, the excellent gas removal is desirable for 
the smooth binder removal, that requires maintaining the 
surface of the zirconia surface layer having the appropriate 
roughness. When the electronic component and the zirconia 
surface are in contact with each other excessively for calcining 

10 the electronic component at high temperature exceeding lOOO^C, 
an undesirable reaction takes place between them. After the 
investigation regarding the suppression of the occurrence of the 
reaction, the present inventors have found that the suppression 
of the occurrence of the reaction can be also achieved by 

16 maintaining the surface of the zirconia surface layer having the 
appropriate roughness and the proper shape. 

Accordingly, the first to fifth inventions realize the jigs 
which can peirform the calcination of the electronic component 
more efficiently by specifying the surface roughness (degree of 

20 concavity and convexity) of the zirconia surface layer made of 
coarse zirconia and fine zirconia having a desired ratio and 
specifying the shape of the concavity and the convexity of the 
surface. 

The material of the substrate for the jig for calcining the 
25 electronic component in accordance with the first to fifth 
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inventions generally includes an alxunina-based material, an 
altunina-mullite^based material, an alumina-zirconia-based 
material, an al\miina-magnesia*based spinel material, an 
alumina-mullite-cordierite -based material and a combination 
5 thereof. 

An intermediate layer, if formed on the substrate, can be 
obtained by calcining one or more metal oxides at higher 
temperatinre. The metal oxides configuring the intermediate 
layer include alum mum oxide (alumina, AI2O3), zirconixmi oxide 

10 (zirconia, Zr02), s^trium oxide (yttria, Y2O3), calcium oxide (calcia, 
CaO), magnesiiim oxide (magnesia, MgO), strontium oxide 
(strontia, SrO) and alumina-magnesia spinel composite oxide 
(Al203-MgO, hereinafter also referred to as **spinel oxide"), and 
one, or two or more are selected among these and used. 

15 Specifically, the combination between the alumina and another 
metal oxide is desirable. For example, the combination between 
the alumina and the spinel oxide or among the alumina, the 
calcia and the yttria can provide the intermediate layer with the 
excellent characteristics. 

20 While the particle size of the metal oxide configuring , the 

intermediate layer is not especially restricted, the intermediate 
layer can be configured by the metal oxide having random 
particle size. The mixed existence of coarse particles having an 
average particle size from 30 to 500 /^m and fine particles having 

26 an average particle size from 0.1 to 5/zm forms voids in the 
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intermediate layer by the coarse particle metal oxide having 
higher porosity thereby absorbing and alleviating the difference 
of the thermal expansion coef&cients between the zirconia 
surface layer and the intermediate layer and between the 

5 intermediate layer and the substrate so that no peel-ofF is 
generated for a relatively longer period of time when used even 
imder the heat cycles repeating raid heating and rapid coohng. 

While a thickness of the intermediate layer is not especially 
restricted, the thickness firom 50 to .200jL6 m is desirable when it 

10 is made of only the fine particle metal oxide. Then, the 
intermediate layer is calcined at higher temperatxire to form the 
intermediate layer which is sold-phase calcined or partially fused. 
The calcination temperature therefor is desirably higher than 
that at which the electronic component is actually calcined, 

16 thereby preventing the deterioration of the jig of the first to fifth 
inventions* Since the temperatxire for calcining the jig for 
calcining the electronic component is ordinarily from 1200 to 
1400*C, the temperattire for calcining the intermediate layer is 
preferably from 1400 to 1800 *C . The calcination of the 

20 intermediate layer can be conducted simultaneously with that of 
the zirconia surface layer after the formation of the zirconia 
sxirface layer, thereby reducing the number of the calcination 
steps. 

The zirconia surface layer is directly formed on the thus 
25 prepared intermediate layer or on the substrate. The zirconia 
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sxirface layer can be formed by using an application-thermal 
decomposition method, a spray coating method or a dip coat 
method. In the application-thermal decomposition method, a 
metal salt aqueotis solution of the corresponding metal such as 
nitrate is applied on the substrate and thermally decomposed to 
be converted into the corresponding metal oxide which is coated 
on the substrate surface. In the spray method, a solvent having 
suspended metal oxide particles with the specified particle size is 
sprayed on the substrate s\irface to coat the substrate surface 
with the metal oxide after the solvent is scattered. In the 
dip-coating method, the substrate is dipped in a solution 
dissolving or suspending the corresponding metal oxide to form a 
hquid layer containing the metal oxide on the substrate surface, 
thereby forming the metal oxide layer after the drying for 
removing the solvent. In the application-thermal decomposition 
method and the dip-coating method, the particle size of the metal 
oxide is hardly controllable. Accordingly, the spray method in 
which the metal oxide particles having the specified particle size 
are directly sprayed is desirably used when the zirconia surface 
layers of the first to fifth inventions are formed. 

The zirconia surface layer desirably includes coarse particle 
aggregate (coarse particle zirconia) having from 80 to 300 mesh 
and fine particle bond phase (fine particle zirconia) having an 
average particle size from 0.1 to 100 m m, especially from Itobu 
m. The co-existence of the coarse particle zirconia and the fine 
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particle zirconia forms voids in the zirconia siirface layer by the 
coarse particle zircoiiia having lager porosity, thereby completely 
fidleviating and absorbing the difference between the thermal 
expansion coefficients of the zirconia surface layer and the 
5 intermediate layer to form the surface layer having the 
denseness and the excellent sintered ability by the fine particle 
zirconia. While the material of the zirconia surface layer 
specifically includes non-stabilized zirconia, partially stabilized 
zirconia and stabilized zirconia, the zirconia partially stabilized 

10 with yttria, calcia and magnesia, or a mixture thereof is desirably 
used because the zirconia surface layer in direct contact with an 
electronic component should not exert ill-effects on the electronic 
component* The zirconia is a monoclinic system at ambient 
temperature, and the phase change takes place with the 

15 temperature rise from the monoclinic system (H70*C) 

tetragonal system (2370 *C) to cubic system. The higher 
temperature phases such as the tetragonal system and the cubic 
system can be "stabilized" under the ambient temperature by 
solid-solubilizing a partially fused-bonding agent (stabihzing 

20 agent) such as yttria and magnesia in the zirconia. 

The zirconia surface layer of the first to fifth inventions 
may consist of the coarse particle aggregate and the fine particle 
bond phase or may contain other ingredients. When it is made of 
only the coarse particle aggregate and the fine particle bond 

25 phase, the former is preferably firom 50 to 75% in weight, 
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especially, from 60 to 70% in weight, and the latter is preferably 
from 50 to 25% in weight, especially, from 40 to 30% in weight* 
The zirconia swrface layer with the coarse particle aggregate 
more than 75% in weight has the worse sintered ability and the 
5 easily generated fragility. When the coarse particle aggregate is 
less than 50% in weight or the fine particle bond phase exceeds 
50% in weight, the sintering of the fine particle bond phase 
excessively proceeds neither to absorb nor to alleviate the 
difference of the thermal expansion with the material so that a 

10 warp may be generated in the material or cracks may be 
generated on the surface. 

As described above, for providing the good removal of the 
gas generated from the binder dining the calcination of the 
electronic component and for preventing the reaction between the 

15 zirconia surface layer and the electronic component, the first to 
fifth inventions include the zirconia surface layer made of the 
above material and having the surface roughness (degree of 
concavity and convexity) such that the arithmetic average 
roughness "Ra" is from 5 to 40 Mm, or the ten-point average 

20 roughness ''Rz*' is from 30 to 130 Mm, or the maximum height 
"Ry" is from 40 to 200 Mm. In the first invention, the skewness 
(deflection) "Rsk** is specified to be from —0.5 to 0,5, and in the 
second invention, the acutance (kurtosis) "Rku'' is specified to be 
from 2 to 3. The arithmetic average roughness "Ra", the ten-point 

25 average roughness ^TRz" and the maximum height "Ry^ are 



specified in JISB0601-1994. Purther, in the third invention, the 
central sxirface average roughness "Sa" is made from 10 to 40 M m, 
and preferably from 15 to 25 /xm, and in the fourth invention, the 
wear resistance in the reciprocating wear test conducted in 
5 accordance with JIS-H85Q3 is from 10 to 200 (DS/mg), and in the 
fifth invention, the thermal shock resistance A T (=T1-T2) is 
400*C or more. 

When the skewness (deflection) is belOw —0.5 in the first 
invention, the gas generated during the calcination of the 

10 electronic component is difficult to be removed, and further the 
contact area between the zirconia surface layer and the electronic 
component is increased to easily take place a reaction 
therebetween. Non- uniform heating is likely to generate surface 
irregularity after heating. When the skewness (deflection) 

15 exceeds 0.6, the zirconia surface layer becomes weak in wear and 
is hable to generate the fragility so that the zirconia surface layer 
having the sufficient strength can be hardly obtained. 

Then, the acutance (kurtosis) in the second invention will 
be described. The acutance (kurtosis) is a value showing a degree 

20 of assemblage of a roughness curve to an average value and is 
specified in the following formula. 
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In the formula, "Rku" designates an acutance (kurtosis), 
"Rq" designates a square average roughness, specified in 
IS04287-1984. "n'' designates the number of positions where the 
measuring is conducted, '^Yi" designates a deviation from an "i" th 
5 measuring point to the average line. The sharpness of the edge of 
heaps and troughs can be judged in accordance with the value of 
the acutance (kurtosis). 

When the acutance (kurtosis) is below 2, the gas generated 
during the calcination of the electronic component is difficult to 
10 be removed, and further the contact area between the zirconia 
surface layer and the electronic component is increased to easily 



take place a reaction therebetween. Non-uniform heating is likely 
to generate the surface irregularity after the heating- When the 
acutance (kurtosis) exceeds 3, the zirconia surface layer becomes 

15 weak in wear and is liable to generate the firagility so that the 
zirconia surface layer having the sufficient strength can be 
hardly obtained. 

Then, the central surface average roughness "Sa" of the 
third invention will be described. 

20 The central surface average roughness "Sa" is a value 

obtained by totalizing absolute values of deviations from an 
average siarface to a measured curve and averaging the obtained 
value, and is specified in the following formula. 
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In the formula, "m" designates the number of positions in 
the x-direction where the measuring is conducted, "n" designates 
the number of positions in the y*direction where the measuring is 
6 conducted, and **Y(xk, yl)" designates deviations from a "k"th 
measuring point in the x-direction and from an "Fth measxiring 
point in the ydirection to an average surface. The degree of 
concavity and convexity of the surface can be judged in 
accordance with the value of the central surface average 

10 roughness. As the measuring appsuratus, SV600-3D available 
from Kabushikigaisha Mitutoyo can be used- 
While the surface roughness can be evaluated by the 
arithmetic average roughness "Ra" specified in JISB0601-1994, it 
can be evaluated more precisely by using the central 8iu:face 

15 average roughness "Sa^' because of the local surface irregularity 
in the jig for calcining the electronic component of the present 
invention. 

When the central surface average roughness "Sa" is below 
10 m m, the gas generated during the calcination of the electronic 

20 component is diEEicult to be removed, and further the contact area 
between the zirconia surface layer and the electronic component 
is increased to easily take place a reaction therebetween. 
Non-xmiform heating is likely to generate the surface irregularity 
after the heating. When the central surface average roughness 

25 "Sa" exceeds 40 ix m, the zirconia surface layer becomes weak in 
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wear and is liable to generate the fragility so that the zirconia 
surface layer having the sufficient strength can be hardly 
obtained. 

The desired surface roughness of the first to third 
5 inventions is obtained by adjusting a particle size of particles 
configuring the zirconia surface layer itself, particulate 
distribution and composition. Further, an amount of moistiure in 
slurry and viscosity thereof used for spray-coating and substrate 
temperatxire to be spray-coated also can be adjusted. When the 

10 intermediate layer is formed, the surface of the intermediate 
layer is adjusted to have the desired roughness and the zirconia 
surface layer may be coated on the surface of the intermediate 
layer in consistent with each other* This can be achieved by 
configuring the intermediate layer with coarse particle aggregate 

15 and fine particle bond phase such that the roughness of the 
coarse particle aggregate is made larger than that of the coarse 
particle aggregate forming the zirconia surface layer* 

Then, the fourth invention relates to the jig for calcining the 
electronic component having the zirconia surface layer with the 

20 increased wear resistance while containing many bubbles in the 
zirconia surface layer for completely absorbing and alleviating 
the difference of the thermal expansion coefficient between the 
zirconia surface layer and the intermediate layer or the substrate 
and making the removal of the binder excellent. The wear 

25 resistance is desirably from 10 to 200 (DS/mg), 
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When the wear resistance is below 10 (DS/m^, the zirconia 
particles tend to be mixed into the electronic component due to 
grain drop-off. When the wear resistance exceeds 200 (DS/mg), 
any special problem may arise. However, in this case, an amount 
6 of bubbles contained in the 2drconia surface layer must be 
significantly reduced so that the binder removal becomes worse, 
and the difference of the thermal expansion coefEicient between 
the zirconia surface layer and the intermediate layer or the 
substrate cannot be absorbed nor alleviated, thereby generating 
10 the peel-off. 

A method of wear resistance test is prescribed in JIS-H8503. 
The wear resistance is evaluated in accordance with a 
reciprocating motion wear test method* JIS-H8503 recommends 
the test conditions such that a test load is 1.5 kgf and a particle 
16 size of abrasive paper is from #320 to 600. However, JIS-H8503 
assimies the wear resistance of a plated film, and the wear 
resistance of the jig of the present invention is significantly 
inferior to that of the plated film and the evaluation conditions 
are too severe. Accordingly, the present test conditions are 
20 adjusted such that the test load is 50 gf smaller than the 
recommended load and the abrasive paper particle size is #600. 

Finally, the fifth invention provides the jig for calcining the 
electronic component having the excellent durability which can 
endure for a longer period of time \mder the condition requiring 
25 the higher thermal shock resistance such that rapid heating and 
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rapid cooling are repeated. In order to achieve the object, the 
thermal shock resistance AT of the jig for calcining the electronic 
component of the fifth invention is 400*C or more. AT is defined 
as the thermal shock resistance AT (=T1-T2) expressed as a 

. 5 temperature difference of rapid cooling which generates strength 
reduction in a rapid cooling bending test where the jig for 
calcining the electronic component is rapidly cooled from 
specified temperatxire Tl to T2. If, for example, T1=400'C and 
T2=0 *C (in ice water) are presumed, the thermal shock 

10 resistance AT is 400^0. In the thermal shock test of the fifth 
invention including the coated layer, temperature at which the 
coated layer is peeled off, cracks of several millimeters or more 
are generated, or the significant grain drop -off takes place is 
defined as AT 

15 In order to attain such the thermal shock resistance, the 

film thicknesses of the zirconia layer coated on the substrate 
surface and of (alumina intermediate layer + zirconia layer) are 
desirably 500 M m or less, and the relative densities of the 
respective coated layers are desirably between 40% and 90% both 

20 inclusive. 

As mentioned above, the thermal shock resistance AT of 
the jig for calcining the electronic component of the fifth 
invention is 400'C or more. When AT is below 400t:, the life of 
the jig is significantly shortened because the jig is deteriorated 
25 during the repetition of the rapid heating and the rapid cooling 
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or the cracks are developed in the calculation furnace for 
calcining the electronic component, thereby disabling the stable 
operation. The thermal shock resistance of the jig for calcining 
the electronic component should be at least 400^^ or more. 

From this viewpoint^ the thermal shock resistance AT of 
the substrate itself is desirably 400^!^ or more. When AT of the 
substrate itself is 400*0 or less, the reduction of the substrate 
strength and the destruction or damage of the substrate may 
take place under the circumstance where the rapid heating and 
the rapid cooling are repeated. In order to achieve AT=400*C or 
more, the alumina-based material, the alumina^mullite-based 
material, the alumina- zirconia-based material, the 
alumina-magnesia-based spinel material, the alumina-mulllte- 
cordierite-based material and a combination thereof can be used 
as the material of the substrate. 

The thickness of the structure of (substrate + film) not to 
deteriorate the thermal shock resistance of the substrate or the 
zirconia layer or (alumina intermediate layer + zirconia layer) is 
preferably 500 m m or less for the both layers, and more 
preferably, the thickness of the zimocia single layer is 500 M m or 
less and that of the alumina intermediate layer H- zirconia layer 
is 400 M m or less. The respective relative densities of the zirconia 
layer, the alumina intermediate layer and the zirconia layer on 
the alumina intermediate layer are preferably from 40 to 80%, 
and the relative density of the alumina intermediate layer is 
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preferably firom 60 to 90%. When the relative density of the 
coated layer is 40% or less, the fragility and the drop-off of the 
particles after the heat cycles likely take place, that are harmful 
to the electronic component to be calcined and shorten the life of 
5 the jig. When the thickness exceeds 500 UL m, the peel-off or the 
cracks may be generated in the film because the thermal stress 
between the substrate and the coated layer under the rapid 
heating and the rapid cooling cannot be alleviated. When the 
coated layer is dense having the relative density of 90% or more, 

10 the thermal stress due to the difference of the thermal' expansion 
coefficients between the substrate and the coated layer cannot be 
alleviated to easily generate the destruction of the substrate and 
the peel^off of the coated layer. 

When, for example, the thickness and the relative density of 

15 the zirnocia layer or the alumina intermediate layer + the 
zirconia layer are bOOum or more and over 90%, respectively, the 
strengths against the peel-ojQf between the substrate and the 
surface layer and among the substrate, the intermediate layer 
and the surface layer are high. However, the structures cannot 

20 alleviate the thermal stress so that the cracks are generated in 
the coated layer due to the rapid heating and the rapid cooHng. 
The cracks are propagated to the substrate to arise a cause of 
significantly lowering the thermal shock resistance of the 
substrate itself. 

25 The zirconia particles used in the zirconia layer include 
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those stabilized or partially-stabilized by Y2O3 or CaO and 
non-stabilized zirconia. 

In order to prepare such the zirconia layer, for example, 
coarse zirconia of #100 and fine zirconia having an average 
5 particle size of iMm are mixed with an appropriate ratio. The 
alumina intermediate layer can be similarly prepared, and 
alumina particles having relatively broader particle distribution 
with an average particle size firom 30 to 50 Aim are employed. In 
this manner, the relative density of the coated layer can be 

10 suitably adjusted to be 90% or less. 

Metal oxides can be added as a sintering aid in the zirconia 
layer or the alumina intermediate layer for the calcination. As 
the sintering aid, one or more metal oxides such as alumina, the 
rare-earth group oxide including Y2O3, the alkaline-earth group 

15 oxide including CaO and the transition metal oxide including 
Ti02 can be selected. For promoting the sintering, the sintering 
aid forming a liquid phase may be selected. The particle size of 
the sintering aid is ordinarily from 0.1 to 100/z m. The addition of 
the sintering aid improves the thermal shock resistance to 

20 prevent the peel-off of the coated layer. The addition amoimt of 
the sintering aid is about firom 0.5% in weight to 25% in weight. 

Then, Examples of the jig for calcining the electronic 
component in accordance with the present invention will be 
25 described. However, the present invention shall not be deemed to 
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be restricted thereto. 
Example 1 

An alximina-mullite substrate having about 10% in weight 
of a silica component was used as a substrate. As an intermediate 
layer, 70% in weight of alumina coarse particle aggregate having 
100 mesh and 30% in weight of alumina fine particles having an 
average particle of about 3 M m were prepared. These were 
uniformly mixed in a ball mill, and then water and polyvinyl 
alcohol acting as a binder were added thereto for making slvirry. 
The slurry was spraycoated on the sxirface of the above substrate^ 
and dried at about 100 . The thickness of the obtained 
intermediate layer was about iOOjLtm. 

As a coarse particle aggregate and a fine particle bond 
phase of a zirconia surface layer, 70% in weight of yttria 
(Y2O8) "Stabilized zirconia aggregate having 100 mesh and 30% in 
weight of yttria- stabilized zirconia particles having an average 
particle size of 3 At m, respectively, were prepared. These were 
uniformly mixed in a ball mill, and then water and polyvinyl 
alcohol acting as a binder were added thereto for making slurry 
The slurry was spraycoated on the surface of the intermediate 
layer, and dried at about lOO'C. The thickness of the zirconia 
layer was about 100 jLt m. The two-layer coated stack was 
retained at 145013 for two hours to provide a jig for calcining an 
electronic component. 
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Upon the measxirement of the surface roughness of the jig 
for calcining the electronic component with a surface roughness 
meter, "Ra" was 18.8 Mm, "Rz'' was 73.5 /xm, "By"' was 104.3 Mm 
and"Rsk" was .0.07. 
5 Then, the jig was rapidly heated to 1300*C and rapidly 

cooled to room temperature. After this heat cycle was repeated 50 
times, the zirconia siirface layer was rubbed with fingers to 
investigate the existence of fragility Further, the existence of 
cracks in the zirconia surface layer was investigated. As a result, 

10 the fragility and the cracks were not generated. A barium 
titanate dielectric containing polyvinylalcohol aqueous solution 
as a binder was shaped in a pellet having a diameter of 10 mm 
and a thickness of 2mm. After this was placed on the jig for 
calcining the electronic component and retained at 1300*C for 

15 one hour and cooled, the occurrence of the reaction between the 
zirconia surface layer and the dielectric and the surface 
irregularity after heating were investigated. As a result, no 
reaction occurred and no surface irregularity was generated. The 
results were shown in Table 1. 

20 



25 



28 



(Table 1) 
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Example 2 

A jig for calcining an electronic component was fabricated in 
accordance with the same procedures as those of Example 1 
except that 60% in weight of yttria-stabilized zirconia aggregate 

5 having 200 mesh was used as the coarse particle aggregate of the 
zirconia surface layer, 40% in weight of non-stabilized zirconia 
powder having an average particle size of 3 M m was used as the 
fine particle bond phase, and the intermediate layer including 
only 100% in weight of alumina having an average particle size of 

10 Sum was used as the fine particle bond phase. Upon the 
measurement of the surface roughness of the jig for calcining the 
electronic component with a siurface roughness meter, "Ra" was 
12.2 urn, ''Rz" was 51.2 jUm, "Ry'' was 80.6 Mm and "Rsk" was 
0.05. 

16 Fragility, cracks, a reaction and surface irregularity after 

heating were not observed as a result of the test the same as that 
of Example 1. The residts are shown in Table 1. 

Example 3 

20 A jig for calcining an electronic component was fabricated in 

accordance with the same procedures as those of Example 1 
except that 50% in weight of jrttria-stabilized zirconia aggregate 
having 200 mesh was used as the coarse particle aggregate of the 
zirconia surface layer, and 50% in weight of yttria-stabilized 

25 zirconia particles having an average particle size of 3Mm was 
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used as the fine particle bond phase* Upon the measurement of 
the surface roughness of the jig for calcining the electronic 
component with a surface roughness meter, 'Ha" was 8.1 /zm, 
"Rz" was 43.4 tx m, "Ry'' was 68.8 m m and "Rsk" was 0.03. 
5 Fragility, cracks, a reaction and surface irregularity after 

heating were not observed as a result of the test the same as that 
of Example 1. The results are shown in Table 1. 

Example 4 

10 A jig for calcining an electronic component was fabricated in 

accordance with the same procedures as those of Example 1 
except that no intermediate layer was formed. Upon the 
measurement of the surface roughness of the jig for calcining the 
electronic component with a surface roughness meter, 'Ha" was 

15 14.5 X^m, '*Rz" was 66.7 A6m, "Ry" was 92.5 Mm and "Rsk" was 
0.06. 

Fragility, cracks, a reaction and surface irregularity after 
heating were not observed as a result of the test the same as that 
of Example 1. The results are shown in Table 1, 

20 

Comparative Example 1 

A jig for calcining an electronic component was fabricated in 
accordance with the same procedures as those of Example 1 
except that 40% in weight of yttria-stabilized zirconia aggregate 
25 having 200 mesh was used as the coarse particle aggregate of the 
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zircoma surface layer, 60% in weight of non-stabilized zirconia 
particles having an average particle size of 3 M m was used as the 
fine particle bond phase, and the intermediate layer including 
only 100% in weight of alumina having an average particle size of 
3 U m was used as the fine particle bond phase. Upon the 
measurement of the surface roughness of the jig for calcining the 
electronic component with a surface roughness meter, *T?.a" was 
5.3 Mm, "Rz*' was 38.6 jum, "Ry"' was 57.4 Mm and "Rsk"* was 
-0.53. 

Large cracks were observed and surface irregularity after 
heating was also observed as a result of the test the same as that 
of Example 1. The results are shown in Table 1. 

Comparative Example 2 

A jig for calcining an electronic component was fabricated in 
accordance with the same procedures as those of Example 1 
except that 90% in weight of yttria-stabilized zirconia aggregate 
having 60 mesh was used as the coarse particle aggregate of the 
zirconia surface layer, and 10% in weight of non-stabilized 
zirconia particles having an average particle size of 5Mm was 
used as the fine particle bond phase. Upon the measiirement of 
the surface roughness of the jig for calcining the electronic 
component with a sxxrface roughness meter, "Ra" was 44.5 am, 
"Rz" was 133.2m m, "Ry" was 211.3 A6m and "Rsk'* was 0.52. 

Much fragility was observed as a result of the test the same 
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as that of Example 1. 

The resiilts are shown in Table 1. 

Example 5 

5 A jig for calcining an electronic component was fabricated in 

accordance with the same procedures as those of Example 1. 

Upon the measurement of the sLirface roughness of the jig 
for calcining the electronic component with a surface roughness 
meter, "Ra" was 18.8iL6m, "Rz" was 73.5 Mm, "Ry" was 104.3 jLtm 

10 and"Rsk" was 2.7, 

Thereafter, the occurrence of the reaction between the 
zirconia surface layer and the dielectric and the surface 
irregularity after heating were investigated. As a result, no 
reaction occurred and no surface irregularity was generated. The 

16 results were shown in Table 2. 
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Example 6 

A jig for calcining an electronic component was fabricated in 
accordance with the same procediires as those of Example 2. 
Upon the measurement of the surface roughness of the jig for 
5 calcining the electronic component with a surface roughness 
meter, "Ra" was 12.2 Mm, "Rz" was 51,2 Mm, "Ry'' was 80.6 Mm 
and 'TRsk*' was 2.5. 

Fragility, cracks, a reaction and surface irregularity after 
heating were not observed as a result of the test the same as that 
10 of Example 1. The results are shown in Table 2. 

Example 7 

A jig for calcining an electronic component was fabricated in 
accordance with the same procedures as those of Example 3, 
15 Upon the measurement of the surface roughness of the jig for 
calcining the electronic component with a surface roughness 
meter, "Ra'' was 8.1 Mm, "Rz" was 43,4 Mm, "Ry^' was 68.8 Mm 
and 'Ttak'' was 2.3. 

Fragility, cracks, a reaction and surface irregularity after 
20 heating were not observed as a result of the test the same as that 
of Example 1. The results are shown in Table 2. 

Example 8 

A jig for calcining an electronic component was fabricated in 
25 accordance with the same procedures as those of Example 4. 
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Upon the measurement of the surface roughness of the jig for 
calcining the electronic component with a surface roughness 
meter, "Ra" was 14.5 Mm, "Rz" was 66.7 /xm, "Ry*' was 92.5 A6m 
and "Rsk" was 2.6. 
6 Fragility, cracks, a reaction and siuface irregularity after 

heating were not observed as a residt of the test the same as that 
of Example 1. The results are shown in Table 2. 

Comparative Example 3 

10 A jig for calcining an electronic component was fabricated in 

accordance with the same procedures as those of Example 1 
except that 40% in weight of yttria-stabilized zirconia aggregate 
having 200 mesh was used as the coarse particle aggregate of the 
zirconia surface layer, and 60% in weight of yttria-stabilized 

16 zirconia particles having an average particle size of 3/zm was 
used as the fine particle bond phase. Upon the measiirement of 
the surface roughness of the jig for calcining the electronic 
component with a surface roughness meter, ''Ra'' was 6.2 A6m, 
"Rz'' was 40.4 n m, "Ry" was 62.3 m m and "Rsk" was 1.9. 

20 Cracks were observed on the surface, and surface 

irregularity after heating was generated as a result of the test 
the same as that of Example 1. The results are shown in Table 2. 

Comparative Example 4 
25 A jig for calcining an electronic component was fabricated in 
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accordance with the same procedures as those of Comparative 
Example 2. Upon the measixrement of the surface roughness of 
the jig for calcining the electronic component with a surface 
roughness meter, "Ra" was 44. 5 Mm, "Rz'' was 133.2 Mm, '*Ry'' 
5 was 211.3 UL m and "Rsk" was 3.2. 

Much fragility was observed as a result of the test the same 
as that of Example 1. The results are shown in Table 2. 

Example 9 

10 A jig for calcining an electronic component was fabricated in 

accordance with the same procedures as those of Example 1. 
Upon the measurement of the sxurface roughness of the jig for 
calcining the electronic component with a surface roughness 
meter, "Sa" was 21.1 Mm ("Ra" was 18.8 Mm), 

15 Thereafter, the occurrence of the reaction between the 

zirconia surface layer and the dielectric and the surface 
irregularity after heating were investigated. As a result, no 
reaction occurred and no sxirface irregularity was generated. The 
results were shown in Table 3. 

20 

Example 10 

A jig for calcining an electronic component was fabricated in 
accordance with the same procedures as those of Example 1 
except that 60% in weight of 3^tria-stabihzed zirconia aggregate 
25 having 200 mesh was used as the coarse particle aggregate of the 
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zirconia surface layer, and 40% in weight of yttria-stabilized 
zirconia particles having an average particle size of 3 Mm was 
used as the fine particle bond phase. Upon the measvirement of 
the surface roughness of the jig for calcining the electronic 
5 component with a surface roughness meter, "Sa" was 17.8 /xm 
("Ra" was 12.4 Mm). 

Fragility, cracks, a reaction and surface irregularity after 
heating were not observed as a result of the test the same as that 
of Example 1. The results are shown in Table 3. 

10 

JEyan^pl^ II 

A jig for calcining an electronic component was fabricated in 
accordance with the same procedxires as those of Example 1 
except that 50% in weight of yttria-stabilized zirconia aggregate 

15 having 200 mesh was used as the coarse particle aggregate of the 
zirconia surface layer, and 50% in weight of yttria-stabilized 
zirconia particles having an average particle size of 3j^m was 
used as the fine particle bond phase. Upon the meastirement of 
the surface roughness of the jig for calcining the electronic 

20 component with a surface roughness meter, "Sa" was 14.6 /xm 
("Ra" was8.4jL6m). 

Fragility, cracks, a reaction and surface irregularity after 
heating were not observed as a result of the test the same as that 
of Example 1. The results are shown in Table 3. 



Example 12 

A jig for calcining an electronic component was fabricated in 
accordance with the same procedures as those of Example 4. 
Upon the measurement of the surface roughness of the jig for 
5 calcining the electronic component with a surface roughness 
meter, "Sa" was 17,5/zm ("Ra" was 14.5Mm). 

Fragility, cracks, a reaction and siirface irregularity after 
heating were not observed as a result of the test the same as that 
of Example 1. The results are shown in Table 3. 

^ 10 

Comparative Example 5 

A jig for calcining an electronic component was fabricated in 
accordance with the same procedures as those of Example 9 
except that 90% in weight of yttria-stabilized zLrconia aggregate 

15 having 100 mesh was used as the coarse particle aggregate of the 
zirconia surface layer, and 10% in weight of yttria-stabilized 
zirconia particles having an average particle size of 5Mm was 
used as the fine particle bond phase. Upon the measurement of 
the surface roughness of the jig for calcining the electronic 

20 component with a surface roughness meter, **Sa'^ was 42-5 jttm 
("Ra" was 35.4 Mm). 

Fragihty was observed in the zirconia surface layer as a 
result of the test the same as that of Example 1. The results are 
shown in Table 3. 

25 
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Comparative Example 6 

A jig for calcining an electronic component was fabricated in 
accordance with the same procedures as those of Example 9 
except that 40% in weight of yttria-stabilized zirconia aggregate 
5 having 200 mesh was used as the coarse particle a^regate of the 
zirconia surface layer, and 60% in weight of non-stabilized 
zirconia particles having an average particle size of S/zm was 
used as the fine particle bond phase., and the intermediate layer 
including only 100% in weight of alumina having an average 

10 particle size of 3Mm was used as the fine particle bond phase. 
Upon the measurement of the surface roughness of the jig for 
calcining the electronic component with a surface roughness 
meter, "Sa" was 8.2 ul m ("Ra" was 5.3 m). 

Cracks were observed on the zirconia surface layer, and 

15 surface irregularity after heating was generated as a result of the 
test the same as that of Example 1. The results are shown in 
Table 3. 

20 
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(Table 3) 
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Example 13 

An aluridna-miillite substrate having about 10% in weight 
of a silica component was used as a substrate. As an intermediate 
layer, 70% in weight of alumina coarse particle aggregate having 

5 100 mesh and 27%, 2% and 1% in weight of alumina j&ne 
particles, calcia fine particles and yttria fine particles, 
respectively, having an average particle of about 3 M m were 
prepared. These were uniformly mixed in a ball mill, and then 
water and poljrvinyl alcohol acting as a binder were added 

10 thereto for making slurry. The slurry was spray-coated on the 
sxutface of the above substrate, and dried at about 100*C* The 
thickness of the obtained intermediate layer was about 100//. m. 

As a coarse particle aggregate and a fine particle bond 
phase of a zirconia surface layer, 60% in weight of 3^tria 

15 (Y20a)-stabilized zirconia aggregate having 100 mesh and 40% in 
weight of yttria-stabilized zirconia particles having an average 
particle size of 3 m m, respectively, were prepared. As a sintering 
aid, an oxide mixture consisting of 20 molar % of jrttria, 22 
molar % of alumina and 58 molar % of calcia was prepared. The 

20 amount thereof was 3% in weight with respect to the total 
amount. 

These were uniformly mixed in a ball mill, and then water 
and polyvinyl alcohol acting as a binder were added thereto for 
making slurry. The slurry was spray-coated on the siarface of the 
26 intermediate layer, and dried at about lOO'C. The thickness of 
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the zirconia surface layer was about 100 /x m. The two-layer 
coated stack was retained at 1 450*0 for two hours to provide a 
jig for calcining an electronic component. 

The wear resistance of the thus fabricated jig in a 
6 reciprocating wear test conducted in accordance with JIS-H8503 
was evaluated. The test conditions were such that a test load was 
50gf, and the particle size of the abrasive paper was #600. As a 
result, the wear resistance was 43 (DS/mg). 

Then, the jig was rapidly heated to ISOO'C and rapidly 

10 cooled to room temperatiire. After this heat cycle was repeated 60 
times, the existence of the cracks and peel-off was investigated* 
The zirconia sxuface layer was rubbed with fingers to investigate 
the particulate removal. As a result, the cracks and the peel-off 
were not generated, and no particulate removal was observed* 

15 A barium titanate dielectric containing polyvinylalcohol 

aqueous solution as a binder was shaped in a pellet having a 
diameter of 10 mm and a thickness of 2mm. After this was placed 
on the jig for calcining the electronic component and retained at 
1300*C for one hour and cooled, the zirconia surface layer and 

20 the dielectric were observed to investigate the situation of the 
binder removal- As a result, the binder removal was excellent. 
These resxilts are shown in Fig.4. 

25 
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Example 14 

A jig for calcining an electronic component was fabricated in 
accordance with the same procedures as those of Example 13 
except that an amount of the sintering aid in the zirconia surface 
5 layer was 5% in weight and no intermediate layer was used. 

The wear resistance was 51 (DS/mg) as a residt of the test 
the same as that of Example 13. Cracks and peel-ofif due to heat 
cycles were not generated, and no particle removal was observed. 
The binder removal was excellent. The results are shown in Table 
10 4. 

Example 15 

A jig for calcining an electronic component was fabricated in 
accordance with the same procedures as those of Example 13 

15 except that 70% in weight of yttria-stabilized zirconia having 100 
mesh was used as the coarse particle aggregate of the zirconia 
surface layer, 30% in weight of non-stabilized zirconia particles 
having an average particle size of 3Mm was used as the fine 
particle bond phase, and an amount of the sintering aid was 20% 

20 in weight. 

The wear resistance was 72 (DS/mg) as a result of the test 
the same as that of Example 13. Cracks and peel-off due to heat I 
cycles were not generated, and no particle removal was observed. 
The binder removal was excellent. The results are shown in Table 
25 4. 

j 
\ 
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Example 16 

A jig for calcining an electronic component was fabricated in 
accordance with the same procedures as those of Example 13 
5 except that 70% in weight of yttria- stabilized zirconia having 100 
mesh was used as the coarse particle aggregate of the zirconia 
surface layer, 30% in weight of non-stabilized zirconia particles 
having an average particle size of 3Mm was used as the fine 
particle bond phase, and the sintering aid included 25 molar % of 
10 alumina, 30 molar % of calcia and 45 molar % of strontia. 

The wear resistance was 30 (DS/mg) as a result of the test 
the same as that of Example 13. Cracks and peel-off due to heat 
cycles were not generated, and no particle removal was observed* 
The binder removal was excellent* The results are shown in Table 
15 4. 

Comparative Example 7 

A jig for calcining an electronic component was fabricated in 
accordance with the same procedures as those of Example 13 

20 except that 70% in weight of yttria-stabilized zirconia having 100 
mesh was used as the coarse particle aggregate of the zirconia 
stirface layer, 30% in weight of non-stabilized zirconia particles 
having an average particle size of 3 At m was used as the fine 
particle bond phase, and no sintering aid was used. 

26 The wear resistance was 2 (DS/mg) as a result of the test 
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the same as that of Example 13, and was significantly inferior. 
Although cracks and peel-off due to heat cycles were hot 
generated^ much p£ai^icle removal was observed. While the binder 
removal was excellent^ the signi&cant particle removal due to the 
5 inferior wear resistance makes the jig inappropriate. The results 
are shown in Table 4. 

Comparative Example 8 

A jig for calcining an electronic component was fabricated in 
10 accordance with the same procedures as those of Example 13 

except that 70% in weight of yttria-stabilized zirconia having 100 t 

[I 

mesh was used as the coarse particle aggregate of the zirconia j 

{I 

surface layer, 30% in weight of non-stabihzed zirconia particles j 
having an average particle size of 3 At m was used as the fine 
15 particle bond phase, and 0.3 % in weight of the sintering aid was 
used. 

The wear resistance was 4 (DS/mg) as a resxdt of the test 
the same as that of Example 13, and was significantly inferior. 
Although cracks and peel-off due to heat cycles were not 
20 generated, much particle removal was observed. While the binder 
removal was excellent, the significant particle removal due to the 
inferior wear resistance makes the jig inappropriate. The results ! 
are shown in Table 4, 

25 Comparative Example 9 
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A jig for calcining an electronic component was fabricated in 
accordance with the same procedures as those of Example 13 
except that 90% in weight of jrttria-stabilized zirconia having 60 
mesh was used as the coarse particle aggregate of the zirconia 
surface layer, and 10% in weight of non-stabilized zirconia 
particles having an average particle size of 3 //. m was used as the 
fine particle bond phase. 

The wear resistance was 8 (DS/mg) as a result of the test 
the same as that of Example 13, and was significantly inferior. 
Although cracks and peel^off due to heat cycles were not 
generated, much particle removal was observed. While the binder 
removal was excellent, the significant particle removal due to the 
inferior wear resistance makes the jig inappropriate • The results 
are shown in Table 4. 

Comparative Example 10 

A jig for calcining an electronic component was fabricated in 
accordance with the same procedures as those of Example 13 
except that 40% in weight of yttria-stabihzed zirconia having 100 
mesh was used as the coarse particle aggregate of the zirconia 
surface layer, 60% in weight of yttria-stabilized zirconia particles 
having an average particle size of 3/zm was used as the fine 
particle bond phase > and 30 % in weight of the sintering aid was 
used. 

The wear resistance was 21 (DS/mg) as a result of the test 
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the same as that of Example 13. While no particle removal was 
observed as a result of heat cycles, peel-o£f of the zirconia surface 
layer was generated. The binder removal was bad, and the 
surface irregularity after heating was observed. The peel-off after 
6 the heat cycles and the inferior binder removal make the jig 
inappropriate. The results are shown in Table 4. 

Example 17 

An alumina-muUite substrate having about 10% in weight 

10 of a siUca component was used as a substrate. The wear 
resistance of the substrate itself was about 700'C. As a zirconia 
surface layer, 70% in weight of yttria (Y2O3) -stabilized zirconia 
having #100 mesh, and 30% in weight of yttria-stabHized zirconia 
having an average particle of about 3 M m were weighed. These 

15 were uniformly mixed in a baU mill, and then water and 
polyvinyl alcohol acting as a binder were added thereto for 
making slurry^ The slurry was spray-coated on the surface of the 
above substrate. After dried at about lOO^C, the spray-coated 
substrate was retained at ISOO'C for two hours for calcining the 

20 zirconia layer, thereby fabricating the jig for calcining the 
electronic component. The thickness of the zirconia layer 
obtained after the calcination was about 150 A6m. The peel-off 
and the cracks were not observed. 

The relative density of the zirconia layer was calculated to 

26 be about 60% from the surface area of the surface layer, the film 
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thickness^ €Uid the weights of the substrate and of the substrate + 
the surface layer. However, when only the intermediate layer was 
coated on the substrate surface and calcined in advance, the 
relative density of the intermediate layer was calculated in 

5 accordance with the above method, and the relative density of the 
(intermediate layer + zirconia layer) was calculated by using the 
obtained relative density of the intermediate layer. 

The thermal shock resistance AT was calculated by using 
the following method. In the rapid cooling bending test where the 

10 jig for calcining the electronic component is rapidly cooled from 
specified temperature Tl to T2, the thermal shock resistance AT 
(=T1-T2) expressed as a temperature difference of rapid coohng 
which generates strength reduction was calculated- After a 
bending test piece cut off from the substrate was held for SO 

15 minutes at every specified temperature from room temperatxire 
to SOO^C, the test piece was rapidly cooled in water of CtD, and 
the three-point bending test after the rapid cooling was 
performed. The thermal shock resistance was calculated from the 
relation between the obtained strength and the temperature 

20 difference. The obtained thermal shock resistance was 620^0, and 
its graph is shown in Fig.l, 
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Example 18 

Alumina particles having an average particle size of 30//. oi 
was used as the intermediate layer, and this slurry was 
spray-coated on the substrate siurface and dried at lOO'C. Then, 

5 similarly to Example 17, a zirconia layer was spraycoated on an 
alumina intermediate layer followed by diying and calcination to 
provide a jig for calcining an electronic component having the 
intermediate layer + the surface layer. The thermal shock 
resistance A T was evaluated similarly to Example 17, The 

10 results are shown in Fig.5. The thermal shock resistance was 
700X1, and the peel-off of the surface layer and the cracks were 
not observed. 

Example 19 

15 An alumina-zirconia substrate having about 10% in weight 

of a CaO -stabilized zirconia component was used as a substrate* 
The wear resistance of the substrate itself was about 560*C . As a 
zirconia surface layer, 70% in weight of yttria- stabilized zirconia 
having #100 mesh, 27% in weight of yttria- stabilized zirconia 

20 having an average paxrticle of about 3/i.m, and 3% in weight of 
TiOa acting as a sintering aid were weighed. These were 
uniformly mixed in a ball mill, and then water and polyvinyl 
alcohol acting as a binder were added thereto for making slurry. 
Similarly to Example 17, a zirconia layer was calcined to provide 

25 a jig for calcining an electronic component. The evaluation 
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resvilts are skown in Table 5. The thermal shock resistance was 
460'C, and the peel-off of the surface layer and the cracks were 
not observed. 

Example 20 

An alumina-zirconia substrate similar to Example 19 was 
used as a substrate. As an intermediate layer, 5% in weightof 
CaO acting as a sintering aid was added to 95% in weight of 
alumina particles having an average particle of about 30 fJLui. As 
a zirconia layer, 70% in weight of yttria- stabilized zirconia 
having #100 mesh, 25% in weight of non- stabilized zirconia 
having an average particle of about 3 jU. m, and 5% in weight of 
CaO, Y2O3 and AI2O3 acting as a sintering aid were weighed. 
These were uniformly mixed in a ball mill, and then water and 
polyvinyl alcohol acting as a binder were added thereto for 
making slimy. Using the sliirry, an alumina intermediate layer 
was formed on the substrate surface. After the drying at lOO'C, a 
zirconia layer is spray-coated and the intermediate layer and the 
surface layer were calcined to provide a jig for calcining an 
electronic component. The evaluation results are shown in Table 
5. The thermal shock resistance was 560"^, and the peel-off of 
the surface layer and the cracks were not observed. 

Comparative Example 11 

A jig for calcining an electronic component was fabricated in 
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accordance with the same procedures as those of Example 17 
except that an alumina substrate having a thermal shock 
resistance of about 380X^ was used. The results are shown in 
Table 5. The thermal shock resistance was 260*0 as shown in 
5 Table 5. 

Comparative Example 12 

A jig for calcining an electronic component was fabricated in 
accordance with the same procedures as those of Example 17 
10 except that 100% in weight of jrttria-stabilized zirconia having an 
average particle of 3 M m was used as a zirconia layer. The resiilts 
are shown in Table 5. The thermal shock resistance was 380*C, 

Comparative Example 13 

16 An intermediate layer was formed by spray-coating alumina 

particles having an average particle of 1 U m on an alumina- 
2drconia substrate having a thermal shock resistance of about 
560*C, and was dried at lOO^C. A zirconia layer was formed on 
the intermediate layer similfiorly to Comparative Example 11 to 

20 provide a jig for calcining an electronic component having the 
intermediate layer and the surface layer. The results are shown 
in Table 5. The temperature difference of 360*C was applied 
thereto to make peel-off and cracks on the surface layer. 

25 Comparative Example 14 
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